We studied the influence of highly dispersed copper particles on the metabolism of broiler chicks after a single intramuscular injection. Preparations containing of copper nanoparticles, agglomerates of nanoparticles of copper and copper microparticles were used in the experiment. Intramuscular injections of copper nanoparticles stimulate growth and metabolic changes quickly. Nanoparticle agglomerates and microparticles promote the similar effect but it is extended. The maximum difference in live weight was observed on the fourth day following injection of copper nanoparticles. The injection of copper nanoparticle agglomerates was accompanied by a significant increase in live weight 7 days after injection. The preparation containing copper microparticles had the smallest effect on growth. These changes were observed 16 days after microparticle injection. Copper nanoparticles a day after injection promoted increase in red cell level, hemoglobin, copper and protein in blood serum. Copper nanoparticle agglomerates and microparticles changed protein and copper content in blood serum only 7 and 21 days after injection. Copper microparticles had prolonged effect. The copper preparations promoted an increase in the arginine content of the chicken liver. The results of studies can be used to improve microelement preparations.
INTRODUCTION
Studies that justify the use of coppercontaining nanomaterials for X-ray therapy of cancer gain widespread over the last years 1 . Copper nanoparticles are used as contrast agent for highresolution magnetic resonance imaging characterization of human thrombus, tumors, etc. One way to improve preparations containing metal nanoparticles is to control the size of the nanoparticle material. It is determined by the differences in biological properties of metal preparations for particles of different sizes 8, 9 . Decreasing nanoparticle size has been reported to increase the absorption of this element. It also changes biological action of the 10 .
The objective of this research was to compare the biological effects of elemental copper nano-and microparticles after intramuscular injections to broiler chicken. Researches were performed to improve preparations containing metal nanoparticles.
MATERIALS AND METHODS

Acquisition and Certification of Copper Preparations
Nanoparticles were synthesized by hightemperature condensation using Migen-3 at the Institute of Chemical Physics (Russian Academy of Sciences, Moscow, Russia). The synthesis strategy used has been described previously [11] . Microparticle preparations were purchased from Alfa Aesar GmbH & Co., RG. These materials were assessed by electron scanning and transmission microscopy using the following equipment: a JSM-7401F and a JEM-2000FX, respectively ("JEOL", Tokyo, Japan). X-ray phase analysis was performed with a DRON-7 diffractometer. These assessments showed that the copper nanoparticles were 103 ± 2 nm in size. The particle cores were composed of 96.2 ± 4.5 %, (P d" 0.05) crystalline metal and 3.8 ± 0.3 % (P d" 0.05) metal oxide; the thickness of the oxide film on the surface of the nanoparticles was 6 nm. The copper microparticles were 40±0.5 mcm in size (puriss p.a. 99.5%, and the oxide film was 7 nm thick.
Copper nanoparticle preparations were tested for dispersion. Nanoparticle suspension was exposed to ultrasound [frequency 35 kHz, sound power 300 (450) W, oscillation amplitude 10 mcm]. Morphometric indices of the particle samples were obtained using by atomic force microscopy in contact mode using an SMM-2000 microscope (Russia). MSCT-AUNM cantilevers (Park Scientific Instruments, USA) with a spring constant of 0.01 nm and diameter of 15 -20 nm were used during scanning. Quantitative morphometric analysis of the images was performed using standard microscope software. Quantitative morphometric analysis of the images was performed using standard microscope software.
According to the results of studies, we made a decision to treat nanoparticle suspensions for different times. Nanoparticles with size of 103 ±2 nm were subject to the ultrasonic treatment within 30 minutes. Nanoparticle agglomerates with size of 937±24.6 nm were obtained after the ultrasound treatment for 20 seconds.
In vivo Studies
Studies were performed in vivo on «Smena-7» broiler chicks in the experimental biological clinic of the Orenburg State University. Experimental research with animals was performed according to Russian Regulations (1987) and "The Guide for the Care and Use of Laboratory Animals" (National Academy Press Washington, D.C., 1996).
A total of 150 one-day-old hens from the cross flock "Smena-7" were purchased from the hatchery of the poultry production farm "Orenburgskaya". Four groups of 30 broiler chickens were formed based on the results of 10-day growth and development monitoring. All chickens were housed and fed in the same conditions. At the age of 14 days, the chickens received 1 intramuscular injection in the thigh of copper nanoparticles (103 ± 2 nm; Group I), copper nanoparticle agglomerates (937 ± 24.6 nm; Group II), copper microparticles (40 ± 0. Poultry chickens were fed and housed according to recommendations 12 . Chickens were fed with complete feed throughout the study. Composition of diet for the period from 14 to 21 days: wheat -32,4 %, corn -17,3 %, wheat brad-10 %, soybean meal -20 %, sunflower meal -10 %, corn gluten -4 %, sunflower-seed oil -5 %, salt -0,3 %, limestone meal -1 %.
Composition of diet for the period from 21 to 35 days: wheat-34,7 %, corn -10 %, wheat brad -15 %, soybean meal -20 %, sunflower meal -10 %, corn gluten -4 %, sunflower-seed oil -5 %, salt -0,3 %, limestone meal -1 %. Chickens were provided with ad libitum access to water in nipple drinkers. Chicks were weighed daily for the duration of the experiment.
The birds were slaughtered at the ages of 15, 21 and 35 days (n = 5 for each timepoint). These timepoints corresponded to 1, 7 and 21 d, respectively, after injection with Cu. The mass content of amino acids in the liver was determined by capillary electrophoresis. Samples were prepared as follows: liver tissues were homogenized, dried at 60-70 °C and ground. Then, acid and alkaline (only for tryptophan) hydrolysis of the obtained liver samples was performed. Hydrolysis occurred at 110 °C within 14-16 h. The samples were filtered after the completion of acid hydrolysis (no filtration was performed after alkaline hydrolysis). Hydrolysates were mixed with reagents and evaporated under a warm air stream, and the dry residue was dissolved in distilled water and centrifuged. The obtained supernatant was studied by capillary electrophoresis.
To determine the morphological indices, blood was collected in vacuum tubes. For biochemical indices, vacuum tubes with a clot activator were used. The concentrations of erythrocytes, platelets, and monocytes were determined using an Automated Hematology Analyzer (URIT-2900 Vet Plus, URIT Medial Electronic Co., China). The concentrations of copper, and total protein were determined using a Ñobas-8000 system (Roche).
Statistical processing of the data was performed using the software package Statistica 6.0. The calculated values included the arithmetic mean value (M) and the standard error of the mean (m). Results with P ≤ 0.05 were considered significant.
RESULTS
Differences in live weight dynamics after injection of copper were demonstrated in studies in vivo are shown in Figure 1 .
After the introduction of copper, the live weight in Group I was significantly greater the control values by 8.4 (P ≤ 0.01) % after 1 day, by 9.02 (P ≤ 0.01) % after 10 days, and by 5.07 (P ≤ 0.01) % after 21 days. The maximum difference in live weight (6.5%; P ≤ 0.01) was observed on the seventh day following injection of copper nanoparticle agglomerates. The injection of copper microparticles was accompanied by an increase in live weight 16 days after injection (+9.1 %, P ≤ 0.01). The preparation containing iron microparticles had the smallest effect on growth. These changes were observed only 3 wk after microparticle injection (+7 to 8 %, P ≤ 0.01). Size of particles influenced on concentration of crude protein in blood serum of chicken, it is substantiated by the previous studies [13] . Copper nanoparticles promoted the increase of protein in blood serum during the entire experiment: at 1 day (2.9 %; P ≤ 0.05) and 7 days (20.5 %; P≤ 0.01), and 21 days (15.9 %; P ≤ 0.01) following administration. Nanoparticle agglomerates and microparticles influenced on the concentration of protein in serum for a longer period within 7-21 days as shown in Table 1 .
The used preparations were characterized by the different copper availability. It can be confirmed by the changes in copper level in blood serum of chickens. The smaller the particle size in preparation, the faster the copper content increased in the blood. It increase in Group I by 9.9 (P ≤ 0.001) % at 1 day after injection, and by 4.3 ( P ≤ 0.05) % at 7 day after injection. In Group II the increase was 5.0 P (≤0.001) % at 7 day following injection. Microparticles had prolonged action. The increase of copper in blood serum by 8.0 (P ≤ 0.001) % was observed in Group III only 21 days after the injection.
No differences in ceruleoplasmin level after injections of copper preparations were observed.
The hemoglobin and erythrocyte concentrations a day after the introduction of copper nanoparticles increased by 34.1 % and 21.3 %, respectively, only in Group I. Similar influence of nanoparticles on blood parameters was observed in the studies with gold nanoparticles performed by Ghahnavieh et al. 14 and Orobchenko et al., 15 .
Level of platelets was significantly different after the use of copper nanoparticle agglomerates. It became lower by 31.1 (P≤0.01) % at 1 day and by 44.8 (P≤ 0.01) % at 7 days following injection as shown in Table 2 . Influence of preparations on lymphocyte level did not differ. The concentration of lymphocytes increased significantly in all experimental groups during the first week of study. Group II is an exception, concentration of lymphocytes increased by 13.1 (P ≤ 0.05) % 21 day following the injection. Cu nanoand microparticles promoted changes in the content of monocytes and granulocytes within the first day after injection. Agglomerates increased these values up to 7 day.
The amino acid composition of the liver was estimated. There were no significant changes compared with that in the control group, except for arginine as shown in Figure 2 .
An increase in Arg content was found in Group I at 1 day after injection of copper preparation 2.8 (P ≤ 0.05) %. An increase of 4.38% and 2.08% (P ≤ 0.05) was observed in Group I and II, respectively, at 7 days after injection. An increase of Arg was observed in Group III at 21 days after injection 4.56 (P ≤ 0.05).
DISCUSSION
The analysis of the obtained data attests to the similar biological effects of copper particles with sizes ranging from 100 nm to 40 mcm. At the same time biological effects of preparations are closely connected with sizes of par ticles. Regularly, relatively smaller particles provide earlier biological effects. It can be confirmed by the increase in copper concentration in blood serum after the use of nanoparticles at 1 day after injection. Similar increase was observed 7 days after the injection of agglomerates, and copper microparticles 21 day following the injection.
Differences in action of particles of different sizes on concentration of hemoglobin and erythrocytes in blood have been demonstrated previously 16, 17 .
In our studies it was established that period of increase in Arg concentration in liver depends on the particle size. It can be explained by the fact that arginine is closely connected with oxidative stress and inflammation 18, 19 . It is well-known that the increased surface area of preparations with decreasing particle size improves an ability to generate reactive oxygen species 20, 21 . This can explain that arginine concentration in the liver increased after the administration of nanoparticles at 1-7 days. After the introduction of the microparticles it increased only by 21 days.
Analysis of the growth stimulating effect of preparations demonstrates the close connection between the growth intensity of chickens and the concentration of arginine in the liver. It is noteworthy that arginine is the prime factor for maximizing growth potential in young animals 22, 23 .
The growth-enhancing effects of L-Arg are associated with a change in the balance of the energy consumed and used for fat burning and a decrease in the production of white fat. L-Arg stimulates mitochondrial biogenesis and the production of brown adipose tissue 24 . Earlier 25 it was observed (Cobb 500) that dietary L-Arg supplementation reduced abdominal fat content by modulating lipid metabolism in chickens.
Increasing liver Arg concentrations may result from active macrophage synthesis in response to the introduction of iron particles. It us known that the synthesis of polyamines and Argcontaining proteins promotes the proliferation of monocytes and lymphocytes 26 .
In our studies, the quantity of monocytes increased significantly by 1 day after injection of: copper nanoparticles by 42.9 %, agglomerates by 37.9% , microparticles by 44.1% compared to the control.
A similar increase of lymphocytes was 32.1; 39.3 and 12% respectively. Our data are consistent with the results of other authors 27, 28 , who in their research showed the ability of metal nanoparticles of and their compounds to stimulate immune response.
The mechanism underlying increased Arg synthesis can be triggered in several ways, among which are boosting metabolism and the synthesis of nitric oxide (NO). Copper homeostasis and nitric oxide (NO) production are inversely related 29, 30 .
CONCLUSIONS
The performed studies have shown the time differences in action of finely dispersed copper particles on the organism of broiler chickens. Intramuscular injections of copper nanoparticles stimulate growth and metabolic changes quickly. Nanoparticle agglomerates and microparticles promote the similar effect but it is extended.
